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A-SUMMARY03’RESULTS OR’VARIOUS INVESTIGATIONS03’THE

ME’CHANIQAL’PROP3RTIE60S’ALUMSNVMALtJOYS

AT LOWTEMPERATURES

“’”“By 23.c. Har~man~andW, H. Sharp

SUMMARY .

. ._._ --.--—

—... . .— . ..+
-.

.-

———

The availablesources of data on the mechanicalProP- ...
erties of aluminumalloys at lew temperaturesare listed .
and a summary of the material to be found in each source ‘- ‘=
is given. There is inoludeda discussionof the results
of recent tests of aluminumalloys at low temperatures
made at the AluminumResearch Labo~atories. —
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Cohn, L. M.A’ “
..

Elek..u.Masch., hderungen der physikalischen.
vol..3l,.May1923 EigenschaftenvonAluminium.-. und dessen Legierungenunter’.,.. besandererBertioksicht3”gung

des Duralumins.

Tests.ofan alloy of theco=&u&aJ.umintype in which -
snow was ueed as the cooling
nlediumgave the followingre-

,,.. ,.eults:

!C4qperature?&nsile strength Elongation
(%) ......(Zhfsqin.) (pe~;;nt)

. . . . .. . ‘70. 62,400 20.0. . .,.. 67,300 22.5.,-..

-—

-.

—

-. ..- -—
.=. ~.._. ..: .
-. .. .. .

.-—-

--

‘Gage lengt”’h”ribtgiven, probably 11.3m.
,-
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2. Sykes,W. P.: ,,

Trans. Am. Inst.
Mining and Metallur-
gical Zng. , vol~ 64,
1920, pp. ‘780-81’4

,.

. . . .

Zffect”ofTemperature,Defor-
mation, Grain Size, and
Rate of Loading on Meoh~n-
ical Propertiesof Metals.

This pap’er’describesthe
iOsts of an aluminumalloy
Oohtaimiag3 percent copper,
0.42 percent iron, and 0.21
I?,ercmtslli-con in the form
of wire 0.025 inch in diame-
ter. The resultswere as
follows:

Temperature Teneile strength “.
~~~oy)
... Annealedwire Cold-drawn”wire

(lb/sqin.) (lb/sqin.’)

77’” 23,000 50,000
-300 37,000 63,000

I
....-’

3.. Anon: .-
Reports of the Light Report of the:~ff.eqtof Low
Alloys Sub-Committee. Temperatureon ,SorneAJumi-
Rep. No. 6, British : num CastingAlloys.
A.C.A., 1921,.pp. 91-

.

,

?

I

,“106” . The followingparagraph

.“ .

,.

.,... .

,“.

is quoted from the summary
of tests made at the National
PhysicalLaboratoryin England.

.. Sand-eastand chill-castalu-
minum alloys of the types com-
monly used during the World
War (1914-18)for aircraft-
engine castingswere used in
these tests.. . .

____.—.. .

~~:he”resu~tsof the teSt8.,.
‘“indicateclearly that there

.

5s no marlce-ddecrease in the
strengthof any of these al-
loys when they are exposed to

. low temperatures,eitherwhile
. ,,
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4 i Guillet,L&on.,and
Cournot,Jean:
Revue de Mgtallur~
gie, vol. XZX, no,.
4, April 1922,
P??● 216-221

:.

--

the alloys are at the low tem-
peraturesor when they are,sub-
sequentlya~lowed to regain.-
?r+,ipar~temperatures. On the

‘ Qontrary,it is found that.at
these low temperatures.theal-
loys are markedly stronger,but
that the strengthbeoomes nor-
mal when they are again raised
to,ordinaryatmospherictem-
perature,” . “ :

. 1. . .
,. ,

Sur la’”variationdes propri.~t~s
m~cani.ques de quelquesm~taux
et alliagesaux basses tem-
p~ratures.

Hardness ant impact tests
made on a duralumintype alloy
with liquid air as the cooling
medium gave the followingre-
sults:

●

‘Brinell Impact resistance
Temperature hardness of Mesnager specimen

number ‘ in Guillerymachine
(OF) (ft-lh)

1. . .

68 101 5.0, =310 129 5.6
..

5. Strauss,J,: ,,
Trans. Am, Sob, Metais and Alloys for Indus-
Steel Treating, trial Applio&tibns’He~uir~ng
vol. 16, no. 2, Extreme Stability.
Aug..l929,pp. “,
191w226 Ten”sfletests on duralumin,

.’ in which liquid air was used as
the coolingmedium, gave the
followingresults~

. . —

—.
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. . ., ,.,

‘ .!l!emp8.ratureTensile Yield ElongationReduatlon
strength(or) strength in 2 in. of area

(lb/sql-n”) (lb/sq in.)’ (percent) (percent)

70 “ 57,000 35,400 26.5 27.0
-310 . ,’ 72,80Q: , ..,42,700 28.0 28.7

,,.:.
,.;.,..

6. Schwinriing,W.,,.agd
E’ischer,I?*:
Zei.tschr.f. Metall- Versuohetiber,denEinfluss

~ kunde,Bd. 22, HO. 1, der’ Temperatureauf Kerb-
,Jan. 1930, pp,.IY7P z~hlgkeitund H?iytevon.-,.. ,:‘.,. Aluminiurnlegierun,gen.

.,.., :.i:.“: Report on hardneesand
impact tests on notchedbars

.; ,, of Lautal and 99.5 peroent
..! . aluminum. The following

J:...“:, .. table summarizesthe results:
A* ,, ..

.
Temperature Brinell Impact

Alloy. hardness,(Oj) strength
.,.,, ,-,. number (m-kg/cm2)

.. *
,. , 99.5 pOrcent 68”.,.. 30.4 4.0.“,%.,.. aluminum -105 .. 36.0 ----------
.. . .. . -306 .-------- 6.1

T Lautal 68 110.0 1..5
-105 115.0 -----------

,... -306 .,------ -- 1.7
t. ,,

7. Gtildner,W. A,;’’.”-.“-,,
Zei$6chr.”f.-Metal~-
kunde,Bd, 22,.NO. 8,
4Ug. 1930, Fp..257-. . 36~, . .,‘,,

,, . .
$,,’

.-
●

L-

.;. , ..

Uber’die.’Kerbz~higkeit
ein~g~rAluminiurnlegierungen
insbeoonderebeitiefen .Temperature.

This author found improve-
ment in the Impactbehavior of .

a few aluminumalloys at
-750 F.
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8. ‘Pester, Fry: ,, ..
Zeitschr.,f. Me’t”all-”“ Die Eestigkeitseigensbhaften
kunde,3d. .22, No.”18,--- v.onelec.ktfi.echenLeitungs-
Aug. “1930,pP. 261- dr~hten.beitiefen Tempera-
263 turen.

,:. .-.
,. Pester found increases “’

,. :.-.,: in tensile strengthfor alum-..:inureconductorwire at -76° F.... ..

9. Templin,R. L.; and
Paul, D,A,:’
Symposiumon Effect MechanicalPropertiesof Alum-
of Tem@ere,tureon the iriumahd MagnesiumAlloys at
Propertiesof Metals,
issued jointly%y
A.S.T.M.”and A.S.M.E.

1931

2s0

25HRod

3SHRod

17S-T!Rod

No.43 sandC&?St

No. 195-4 sand.
cast,heat
treated

temperature

(03’)-

To
-110
70

-110
70

-110

To“
-110
70

-no

loff~et= 0.1percent.

Elevated’Temperatures.

‘Testsmade at the Alumi-
num Research Laboratorieson
various aluminumalloys cooled
in a mixture of solid co=
and ether gave the following
results:

~ensfle
strength
1%/sqin.)

,23,U60..
2k,720

2~,730
31,9U”

6g ,000
70,000

20,050
20,1go,

35,145
-36,Eqo

,.

Yi;ld
“strength
lb/sqip.

(1)

4,150
4,150

19,700
a ,350

25,300
2~,200

@j,~oo
M,500

g,000
g,000

23,250
25,200

Elongation
in2 in.
(percent)

41.5
47,5

16.0
18.0
10.0
12.5

15.0
16.0

‘4.5
5.0

‘4.5
ko
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10. “Matthaes,K.: .. ,.
Zeitschr.f. M?tall-” Qynamische”Yestigkeitseigen-
kunde,Bd~ “24,No. $, schafteneini-gerLeicht-
Aug.1932, Pp. Z7+
180

.. ..”.

. . . ... .

21.” Johnson,J.‘B..;
and O%erg, Ture:.
Metals and Alluys,
vol. 4, no. 3,
March 1933, pp. 25-
30
,“ ,“

:“.-
,. .

metalle. . .

Thi8 author found in-
creases in impect strength
for some aluminumalloys at
-llb” F and no change from
room temperaturevalue-sat
-290° l?..

MechanicalPropertiesat
Minus 40”Degreesof Metals
Used in Aircra-ft.Construe-
tion.

In tests made In the
mechanicallyrefrigerated
cold room at Wright Field,
duraluminrod and forgings
showedthe followingresults:

.

-.

.

.

1“

)Torging ----

70 . 553500 30,000 16 13 13,Cno
-40 58,500 ,31,qoo 13 13 16,000

god ,

I
70 5~,000 42,000 23.0 .—---- --—-------
-40 60,500 W,500 23.5 ..-—-- ---.---—--

10ffset = 0.2 percent,
a450 V notch, 0,01-inchradius.
3Rotatingbeam, 500,000,000cycles.. —
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m -12-..Schwinnf.ng, W,:: ...
:.VD”IZei”tschr.,, D,ie.””F.estigkeitseigenschaften

,. Bd. 79, Nr. 2., d.er~erkktoffehei tiefen
● Jan. 1935, pp. 35- Temperaturen.

40

L Alloy
.. ..,.

. . .

Pure e.luminum.
(99.5PI=:

JCLdrey

““30ndur~ ,.
....

Dll&!.&in..&3l2

‘“D&lumin-DM31
,.-.-

. . . .
The results given in this ‘-’

paper are tabulatedas follows:’

.

Tempera- Tensile Field Elonga- Eatigue
ture strength strength, tion “strength,

set= 0.2 in25 om
percent (percent) 106oycles

-‘:(%} (Iblsqin.) (lb/sqin.) ‘ (lb/sqin.)-.
,,..,. 6g

-E’:
.6g.

-40

-E

23,000 19,ma I 11.3

I
42,000 37,Ocm
44,500 y,ooo

:64,000 4J;oC&
65,000 $ ..;

-“(&c&) : 49,.00Q,
49;600a

71,000~I rj7a(j@j-”~
7Q,000 56,Qoo

12.7
11.6
U3.g
.19.9
16.9
15.0

.“i6.3
17.1

J.<,Wu
12,800

16,000
lt3,500

20,000
16,300

lg,000
U3,000

20,000
20,000

.,-. .

i3. . ‘--’ W..D,.;‘Boone,
and Wishart,H. B.:
A,S.T.M. Proc.,

. . .-vol;XXXV, pt. II,
‘1.935,pp. 147-155

... .,. .
... ,.

.,’,.
. . ..

,.. .

:.””

,, .,
.. .

High-Speed.yatigqe.Tests of
Sev,e?a~lFerrous and lion-
~.errousMetals at Low Tern-
peraiures+ . ..: .,_

Rotating-beamfatigue
.-

tests made in the oold room at
Wright Field on duraluminspec-
imens indicate the following:

..-
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. ,:.. J
. . Temperature “,l&d”u’katice“llimit...

baeed on’ ,50,@ 00g000 13yC~eS
(°F) (lb/sq‘i’n.)

. . ,:. .......
““80 I 17,000
-40 21,000

14. Moore, E. XI.,
Wishart,H. B.,
and Lyon, S, W.:
A.S,T,M, Proc., Slow-Bendand ImpactTests
vol. XXXVI, pt,
II,

of NotchedBars at LOW
1936, PP. 110- Temperatures.

117
Tests made on 17S-T

rod in one of the cold rooms
at Wright I?ieldhave shown
the followingresults:

Slow bend tests Impact tests
!?emperature energyfor energy for

fracture fracture
(“E) (ft-lb) (f~;jb)

1
,-.

70 13.00 18.10
-40 13.82 19.60

lIzod test, specimenwith 45° V notch, O.O1-
inch radius. , . “

,, ,.. :..
‘ 15. ,..Bungardt,K.:

Zeitschr.f. Metall- DyfiafiischeFestig.keitseigen-
kunde,,Bd. ‘30,”Noj””-7, schaftenvon Leichtmetall-
July 1938, p>. z35- Legierungenbei tiefen
237 Temperature,

Tests made in Germany
,. on duraluminrod and sheet.. showed the followingre-

sults:
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““Temperature Endurance Notched bar

: “&”” “68 1 23,000 1 0.96.,- .-. . . .. ....
, -85 27;000.,

I
1.32.,- .,.

... - .
~Ro$atingbeam machine ustag. .

20,000,000cycles.
..,:.

NACA Annual Rep.o:rt.s:
1,936,:1937’. The Twenty-secondand

. .

. .
.

,,.,

... - --:- ..

. ..

,., 7 ‘. ...,.....

.. . .-, .-..

..
. .

. .

..

.. .
.-, .

Twenty-thir&A&ual Reports
of the NationalAdvisory
Committeefor Aeronautics
comment%riefly on a pro-
gram of tests carrted out
by the NattonalBureau of
Standardsin cooperation
with the Bureau of Aeronau-
tics on various aircraft

..

meta15 a-t,,sub-zerotempera- “
tures. ?h,eprogram involved

-. what appears to have been an

..
.

17.:” ‘Rosenberg,,Samuel J.:.., ‘ResoPaper” 1347, Nat.,. , ,..-Bur. Of Standards
Jour. Res.,,, VO&. 25,
no. 6, Dec..1940,
‘PT● 673-701

~,e~jt.ensiv.,estudy of prop8F-.—
. .- -t.iesand impact“resistance.

..Z,hefo~,l.o,wlnagquotationis
.“~akenfrom the3wenty-third
Annual Report, page 32:

‘tTheonly important
adverse effect of low tem-
perature,down to +80° C
[-112°F~, is the decreased
impact resistanceof fer-
ritic steels,which is in
marked contrastto the al-
uminum alloys and the aus-
tenitic steels.~’

Effect of Low Temperatures
on the Propertiesof Air-
craft Metals.

The conclusionsof
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. . . . . .-. .. .. . . . -— -- ----this report includethe
followingquotation:,, .,

llTheeffect of sub-,.,-
zero temperaturesdown to
.-78°C [-10903?]was de-
terminedon the tensile,..>”

..hardness,and impactprop-
erties of metals commonly
used in aircraftconstruc-
tion.

,..-. .“,.
,.

‘..%
,,

,.
.

1.8.,,‘Gillett,H. W=:
Book prepared for,,
Project 13 of the
Joint A.S.T.M.-
A.S.M.E.Research
Committeeo’nEffect-. ~, o“fTemperatureon

..,Propertiesof-M.e”*.als,.“”. ,.

. .Aug. .1941,T’-+nerican
Sokiety‘for-Testing
Mate’r’ials,Phila., Pa.

,.

,-.

,,,, -
.-

.

‘iThe tensileproper-
ties and the hardness of
all rn”aterisilewere gener-
ally improvedat low tem-
peratures . . . . , The
impactresistanceof the .-
alumi.num-basealloys was
not decreased;. . .ti

ImpactResistanceand Ten-
sile propertiesof Metals
at SubatmcsphericTempera-
tures.

This beck summarizes
data, bcth publishedand un-
published,from numerous
scurces. Tables 125, 133,
and 134 deal specifically
with aluminumalloys,and
the text, in referenceto
these tables, states:

‘lAllthese non-ferrous
alloys are shown to have
very closely the same prop-
erties at -40° F as at room
temperature.

llNodeteriorationin
propertiesis met it -105° F
in these wrou~ht alloys . . .
the determinationsat-105° F
co’~ldbe tak~n as checking
the roojrnt.emper.aturefigures.”

1“
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sOLID ROUND RODS A!l!-120° Y

In all the foregoinginvestigationsthe materials
were in the form of small laboratoryspeoimens. In order
to demonstratethe ability of the various aluminumalloys
to withstandsevere shook loads at low temperaturesin
larger size pieces, a series of tests were made on 2-inch

-.—

solid round rods sub~ectedto the blow of a 500-poundtup
strikingat the center of a 36-inch span. All tests were
conductedunder the outdoor impact test tower at Aluminum
Research Laboratoriesand for the low temperaturetests
the specimenswere cooled.to a temperatureof -120° F by
use of a mixture of dry ice and kerosene. Figure 1 shows
the six specimensfollowingthe low temperaturedrop
tests. The height of drop used in each case and the per-
manent sets, both at ord’inarytemperatureand at low tem-
perature,are given in the following table:

27S-T

17S-T!

61S-!l?

A17s-T

53S-T

52S-%H

‘inD) ~
Height of drop
of 500-13 tup

120

96

96

84

84

72

49’8

4 l/~

514

5Wa

5=/s

6

43/4

4311e

5%!4

5s/le

53/4

6

.- CONCLUSION

On the basis of the foregoingtest results, it can be
concludedthat aluminumalloys, in general, either remain
unchanged or show an improvementin strengthand ductility
when exposed to low temperatures.

AluminumResearch Laboratories,
Aluminum Company-ofAmerica,

New Kensington,Pa,, December 10, 1941.
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